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Abstract 

Background: Fiberoptic bronchoscopy (FOB) is a useful diagnosis tool in low-burden countries for patients with 
suspected pulmonary tuberculosis (TB) who are smear-negative or sputum-scarce. This study sought to determine 
the accuracy of the Xpert® MTB/RIF (XP) assay using FOB samples. 

Methods: We retrospectively reviewed clinical, radiological, and microbiological characteristics of 175 TB-suspected 
patients requiring diagnostic FOB (bronchial aspirate or bronchoalveolar lavage) with XP assay. Polymerase chain 
reaction (PCR) and smear microscopy (SM) performances were first compared to culture, then to the final diagnosis, 
established based on clinical or radiological evolution when cultures were negative. 

Results: Of the total 162 included patients, 30 (18.5%) had a final diagnosis of pulmonary TB, with positive cultures 
reported in 23. As compared to culture, sensitivity and specificity values were 80.0% and 98.6% for the XP assay, 
and 25.0% and 95.8% for SM, respectively. As compared to final diagnosis, the corresponding performance values 
were 60.0% and 100.0% for the XP assay, and 16.7% and 95.5% for SM, respectively. The sensitivity of the XP assay 
was significantly higher than that of SM in both cases (p = 0.003 and p = 0.001 ). Concerning the final diagnosis, both 
XP assay and culture sensitivities were similar (60% vs. 66.7%). PCR assay enabled pulmonary TB to be diagnosed 
earlier in 13 more cases, compared to SM. 

Conclusion: Our study has confirmed the clinical benefits provided by XP assay compared to SM for the 
early diagnosis of suspected pulmonary TB cases requiring FOB, on per procedure samples, especially in a 
low TB-burden country. 
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Background 

Tuberculosis (TB) still constitutes a major health prob- 
lem worldwide, with an 8.8% incidence and 1.3% mor- 
tality rate reported in 2010 [1]. In the same year, TB 
incidence was reported at 8.1 cases per 100,000 in 
France [2], defining it as a low TB-burden country. It 
is worth noting that 73% of TB cases were pulmonary 
infections, with almost 50% producing a negative smear 
microscopy (SM) [2]. 

By detecting active pulmonary TB early, an appropri- 
ate treatment can be initiated, and disease transmission 
can then be preemptively blocked. Some patients pre- 
senting with active pulmonary TB may, however, exhibit 
negative sputum acid-fast bacilli (AFB) smears. In devel- 
oped countries, fiberoptic bronchoscopy (FOB) is con- 
sidered a good option for these cases that pose a 
diagnostic challenge [3], although SM is still exhibiting 
low sensitivity on FOB samples, with 5-35% on bronchial 
aspirates (BA) and 10-30% on bronchoalveolar lavages 
(BAL) [4-9]. Furthermore, while mycobacterial culture 
remains the gold standard for laboratory diagnosis of TB, 
it requires 2-6 weeks to confirm a diagnosis. This results 
in delays in initiating appropriate treatment while waiting 
for this confirmation, except for cases where there is 
strong enough clinical suspicion to initiate a presumptive 
anti-TB therapy. 

Several polymerase chain reaction- (PCR-) based mo- 
lecular methods have recently been developed for early 
TB diagnosis and rapid detection of drug resistance from 
clinical specimens [10-14]. The Xpert" MTB/RIF assay 
(Cepheid, Sunnyvale, CA, USA) is one of these methods, 
and consists of a hemi-nested real-time PGR test that 
simultaneously identifies Mycobacterium tuberculosis and 
detects rifampicin resistance, as a surrogate of multidrug 
resistance (MDR), direcdy from clinical specimens. This 
assay requires less than 2 hours, and its key advantage over 
other PGR methods is that it is a fully- automated process, 
designed to run on the GeneXpert Dx system (Gepheid). 
This system incorporates DNA extraction, often consid- 
ered the critical step [15], along with real-time PGR ampli- 
fication and detection in a single hands-free process, thus 
acting as a real "lab-on-chip" device. 

Since December 2010, WHO has recommended the 
Xpert" MTB/RIF assay as a bona fide follow-on test due 
to its high-quality performance [16], compared to mi- 
croscopy, whenever MDR-TB or HIV are of lesser con- 
cern, and especially in cases of smear-negative specimens 
[17]. This conditional recommendation does, in fact, ex- 
clusively concern sputum samples [17], whereas no spe- 
cific recommendations for FOB samples have yet been 
formulated. Finally, there have only been two recent 
studies that have assessed the Xpert" MTB/RIF assay per- 
formance using FOB samples for TB diagnosis in high 
TB-burden countries [18,19]. 



This study sought to evaluate the clinical value of the 
Xpert" MTB/RIF assay using FOB samples for an early 
diagnosis of pulmonary TB in either patients with nega- 
tive sputum AFB smears or those who could not produce 
an expectorated sputum sample. Patients were treated in 
a French university hospital in a low TB-burden region 
(5.9 cases per 100,000 in 2010). 

Methods 

Study population 

We retrospectively reviewed the medical records of pa- 
tients with suspected TB requiring a diagnostic FOB at 
the Gaen University Hospital (Basse-Normandie region. 
North- Western France) from October 2009 to April 2013. 
TB was suspected based on clinical features {e.g., cough, 
hemoptysis, fever, asthenia, loss of weight, and night 
sweats) or radiological features {e.g., nodule, pneumonia, 
excavation, and pleurisy). All included patients either pro- 
duced a negative sputum AFB SM prior to FOB procedure 
or were unable to produce sputum. 

Our institution, a regional center of reference for TB 
diagnosis and treatment, has adopted the Xpert" MTB/ 
RIF assay since 2009. Patients were included in the on- 
going retrospective survey if one or more Xpert" MTB/ 
RIF assays had been performed on their FOB samples, in 
addition to SM and mycobacterial culture procedures. 
Samples were excluded if culture results were unavail- 
able or if the Xpert" MTB/RIF assay produced invalid re- 
sults (see below). Patients who had previously received 
anti-TB drugs were also excluded from analysis. 

Bronchoscopic procedures 

Bronchoscopy was performed using a flexible fiberscope 
of either 4.9 mm (model BF-P180, Olympus Optical) or 
5.1 mm in diameter (model F1-16RB, Pentax) by trained 
lung specialists who first inspected the bronchial tree 
and then collected BA or BAL specimens. The type of 
sample was chosen at the specialist's discretion and de- 
pending on the patient's tolerance of the procedure. The 
lung section sample was generally chosen based on chest 
X-ray or GT-scan abnormalities. BA samples were ob- 
tained by the aspiration of pure bronchial secretions or 
following the instillation of 20-50 mL isotonic saline so- 
lution. For the BAL samples, 100-150 mL isotonic saline 
solution was instilled by 50 mL aliquots in a lung seg- 
ment, and then aspirated. 

Microbiological diagnosis 

All samples were digested, decontaminated by means of 
N-acetyl-cysteine-2% NaOH, concentrated by centri- 
fugation (at 3,500 rpm for 20 min), and tested with SM, 
culture (used as the reference technique), and PGR. 

For the smear test, fixed preparations were stained with 
auramine and visualized under a fluorescence microscope 
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(at X 400 magnification). Each slide was observed for 
5 min, corresponding to 200 fields examined. Sample ali- 
quots of 500 and 200 were inoculated in an MGIT 
liquid medium (BD Diagnostics, Le Pont-de-Claix, France) 
or on Coletsos slants (Bio-Rad, Marnes-la-Coquette, 
France), respectively. Liquid cultures were automatic- 
ally monitored by the BACTEC MGIT 960 system (BD 
Diagnostics) for up to 6 weeks, while solid media were 
studied for up to 12 weeks. Positive cultures were those 
with the presence of M. tuberculosis confirmed by means 
of the TB Ag MPT64 Rapid" assay (Standard Diagnostics, 
Yongin, South Korea), and rifampicin susceptibOity was 
tested using the MGIT 960 SIRE kit (BD Diagnostics) [20]. 
The different species of nontuberculous mycobacteria 
(NTM) were identified using the GenoType" Mycobacter- 
ium CM/AS (HainLifescience, Nehren, Germany). 

For the Xpert" MTB/RIF assay, a 500 |iL aliquot was 
poured into a single-use disposable cartridge that was 
placed into the GeneXpert™ Dx module, with the results 
produced in less than 2 hours. Each PGR run comprised 
an internal control for sample processing (DNA extraction) 
and PGR validity (presence of inhibitors), with positive and 
negative controls tested every day. The system auto- 
matically interpreted all results from measured fluor- 
escent signals, with embedded calculation algorithms, 
into the following categories: invalid, if PGR inhibitors were 
detected with amplification failure; negative or positive. If 
positive, the strain was categorized as susceptible or resist- 
ant to rifampicin [21,22]. 

Pulmonary TB diagnosis 

The final diagnosis of active pulmonary TB was primarily 
based on the M. tuberculosis culture taken from a re- 
spiratory specimen. Additional cases were classified as 
definitive TB, taking into account both the clinical symp- 
toms and histological/radiological findings compatible 
with active pulmonary TB, as well as improvement ob- 
served with anti-TB specific therapy. 

Ethical considerations 

According to the WHO recommendations on the Xpert* 
MTB/RIF assay [16], the use of this diagnosis TB test 
has been routinely implemented in our University 
hospital. According to French laws, a formal agreement 
from an ethics committee is not required for retrospect- 
ive collection of data dealing with usual standard medical 
care (ref: law n°2004-806 from August, 9th 2004, modified 
by government ordinance n°2066-477 from April 26th 
2006, article R1121-3, Journal officiel de la Republique 
Franfaise). All collected data from the charts of the 
Microbiology Department were anonymous and there- 
fore complied with the restrictive requirements of the 
Commision Nationale de I'Informatique et des Libertes 
(CNIL), the organization that ensures the application of 



Table 1 Demographic, clinical, and radiological 
characteristics of the 162 included patients 



Characteristic N (%) 

Median age, years (range) 54 (34-74) 

Gender 

Male 102 (63.0) 

Female 60 (37.0) 
HIV 

Positive 7 (4.3) 

Negative 98 (60.5) 

NA 57 (35.2) 
Symptoms 

Cough 84(51.9) 

Hemoptysis 17(10.5) 

General symptoms^ 73 (45.1) 

Fever 43 (26.5) 

Night sweats 26(16.0) 

NA 11 (6.8) 
Chest radiography 

Nodules 87 (53.7) 

Pneumonia 44 (27.1) 

Excavation 1 4 (8.6) 

Pleurisy 21 (13.0) 

NA 1 3 (8.0) 
Chest CT scan 

Nodules 98 (60.5) 

Pneumonia 49 (30.2) 

Excavation 27 (16.7) 

Pleurisy 21 (13.0) 

NA 29(17.9) 
Final diagnosis 

Pulmonary Tuberculosis 30(18.5) 

Pleural Tuberculosis 2(1.2) 

Tuberculosis sequelae 1 1 (6.8) 

NTM^ infection 9 (5.6) 

Non-mycobacterial lung infection^ 28(17.3) 

Bronchial disease exacerbation 7 (4.3) 

Non-mycobacterial granulomatosis disease 7 (4.3) 

Lung cancer 21 (13.0) 

Other'' 23 (142) 

No diagnosis 18(11.1) 

NA 6 (3.7) 



^General symptoms: asthenia and/or loss of appetite and/or loss of weight. 
^NTM: Nontuberculous mycobacteria (including four M. avium, two M. xenopi, 
one M. szulgai, one M. maimoense, and one other). 
^Including 24 infectious pneumonia, two lung abscesses, and two 
invasive aspergillosis. 

'^Including eight non-infectious pneumonia, five acute pulmonary edema, five 
idiopathic hemoptysis, two interstitial lung disease exacerbations, one pulmonary 
infarction, one intra-alveolar hemorrhage, and one inflammatory 
pseudo-tumor lung. 
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data privacy laws in France. Moreover, the study protocol 
was evaluated and approved by the institutional review 
board of the French Society for Respiratory Medecine 
("Societe de Pneumologie de Langue Fran9aise") for ob- 
servational studies (CEPRO). Finally, all patients were in- 
formed of our TB diagnostic strategy, received written 
information about the FOB procedure and gave there 
oral consent (as recommended by the French Society of 
Respiratory Diseases). 

Statistical analysis 

Sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) were calculated, along with 
the corresponding 95% confidence intervals. Sensitiv- 
ity and specificity values were compared by means of 
the McNemar's test. A p-valne inferior to 0.05 was 
considered statistically significant. Statistical analysis 
was performed using the SPSS Statistics 20.0 software 
(Armonk, NY, USA). 

Results 

Patient characteristics 

From October 2009 to April 2013, 175 consecutive pa- 
tients presenting with suspected active pulmonary TB 
underwent FOB with an Xpert" MTB/RIF assay using re- 
spiratory samples. A total of 13 samples from 13 different 
patients were excluded from our study for the following 
reasons: 1) two due to PCR failure; 2) 10 due to unavailable 
culture; 3) one due to recent anti-TB treatment. A total of 
229 FOB samples tal<en from 162 patients (median age: 
54 years; male/female ratio: 1.7) were included. 



The principal clinical symptoms were cough (51.9%) 
and general symptoms, such as asthenia, loss of appetite, 
and loss of weight for half of the patients (Table 1). The 
most common lesions detected by chest imaging were 
nodules (CT-scan: 60.5%) and pneumonia (CT-scan: 
30.2%) (Table 1). It should be noted that 18, 9, and 
80 patients had 1, 2, and 3 sputum samples, respectively, 
that were collected before FOB, with the number of 
Xpert" MTB/RIF assays performed on the sample ranging 
from 0 to 3 for each patient (0: 110 patients; 1: 21; 2: 22; 
3: 9). No sputum could be collected before the FOB pro- 
cedure for 55 patients (34%) due to their inability to ex- 
pectorate sputum. 

Xpert" MTB/RIF assay was performed on BA (n = 48), 
BAL (n = 47), or a BA/BAL mix (n = 67) (Figure 1). Out 
of the 162 patients, 30 TB cases were finally diagnosed, 
corresponding to a prevalence of 18.5% (Figure 1). Of 
these cases, positive cultures were reported on FOB and 
sputum samples for 20 and 3, respectively, including one 
TB case caused by "Mycobacterium canetti". For the 
remaining seven patients, diagnosis was based on clinical 
and histological/radiological features, with favorable evo- 
lution under anti-TB therapy serving as confirmation. 
The final diagnoses for the other patients are detailed in 
Table 1. 

Performances of microbiological methods 

In comparison with culture used as reference, the overall 
sensitivity, specificity, PPV, and NPVs for the Xpert" 
MTB/RIF assay were 80.0% (95% CI: 57.8-92.5), 98.6% 
(95% CI: 94.7-99.9), 88.9% (95% CI: 66.0-98.1), and 97.2% 



TB suspected with bronchoscopy: n ^ 175 



13 patients excluded 
- Invahd GX " : n ^ 2 
-Inoperable cuhure: n ^ 10 
- Anti-tuberculous treatement: n =^ 1 



Patients included: n ^ 162 
-BAL: 47 
- BA: 48 
-BA/BAL: 67 



GX+: 1 8 



GX-: 144 











Cultuie+: 16 




Culture-: 2 


Including 5 SM+ 




Includin 


gO SM+ 














TB: 2 




-Clinical diagnosis: 2 



Culture+: 4 
Including 0 SM+ 



Culture-: 140 



TB: 8 
-Clinical diagnosis: 5 
- Sputum culture+: 3 
Including 0 SM+ 



NoTB: 132 
Including 6 

SM+ 
= 6NTM 



Figure 1 Flow diagram of patients included in the study. BA: bronchial aspirate; BAL: bronchoalveolar lavage; SM: smear microscopy; GX: 
XperfMIB/RIF assay; NTM: nontuberculous mycobaaeria; TB: tuberculosis. 
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(95% CI: 92.8-99.2), respectively. The corresponding values 
for SM were recorded as 25.0% (95% CI: 10.8-47.3), 95.8% 
(95% CI: 90.9-98.3), 45.5% (95% CI: 21.3-72.0), and 90.1% 
(95% CI: 84.2-94.0), respectively (Table 2). It is inter- 
esting to note that the sensitivity of the Xpert" MTB/ 
RIF assay was found to be significantiy higher than that of 
SM{p = 0.003; Table 2). 

When considered relative to the final diagnosis, the 
performances of both sensitivity (60%; 95% CI: 42.3- 
75.4) and specificity (100%; 95% CI: 96.6-100.0) of the 
Xpert' MTB/RIF assay were also shown to be signifi- 
cantly higher than those of SM (16.7%; 95% CI: 6.9 
to 34.0; 95.5%; 95% CI: 90.2 to 98.1) (^ = 0.001 and 
p = 0.041) (Table 2). PPV and NPV were 100.0% (95% 
CI: 79.3-100.0) and 91.7% (95% CI: 85.9-95.3) for the 
Xpert* MTB/RIF assay, respectively, while these values 
were measured at 45.5% (95% CI: 21.3-72.0) and 83.4% 
(95% CI: 76.6-88.6) for SM, respectively. It is worth not- 
ing that all six samples with a positive SM and a negative 
PCR assay were seen to grow an NTM species. Regarding 
the final diagnosis, no significant difference was observed 
between Xpert" MTB/RIF assay and culture sensitivities 
(60%; 95% CI: 42.3-75.4 vs. 66.7%; 95% CI: 48.7-80.9; 

= 0.683). 

The Xpert" MTB/RIF assay also enabled earlier TB 
diagnosis and treatment for 13 more patients than was 
possible with SM (Table 3). In addition, the Xpert" MTB/ 
RIF assay led to the early detection of one MDR-TB case 
in our series, which was subsequently confirmed using 
phenotypic tests. 



Table 3 Gain in early pulmonary tuberculosis diagnosis 



with the Xpert"" MTB/RIF assay 



N = 162 patients 


TB + (N = 30 patients) 


TB- 


(N = 132 patients) 


Xpeit-MTB/RIF (XP)+ 


18 


0 




Smear microscopy (SM) + 


5 


6(= 


=5 NTM') 


Gain in early TB'' diagnosis 
(XP-SM) 


13 


0 





^NTM: Nontuberculous mycobacteria. 
"TS: Tuberculosis. 



Discussion 

FOB constitutes an interesting alternative for TB diagno- 
sis in smear-negative or sputum-scarce patients, espe- 
cially in developed countries where this procedure is 
widely available. Given that WHO recommendations on 
the Xpert" MTB/RIF assay only pertain to sputum sam- 
ples [17], further investigation must be conducted re- 
garding the use of this PCR on FOB samples. To the 
best of our knowledge, there has been no publication 
specifically describing the clinical interest and accuracy 
of the Xpert" MTB/RIF assay using FOB samples for TB 
diagnosis in a low-prevalence country. 

Our study produced results in line with previous re- 
ports on respiratory samples [16,23-31], demonstrating 
that the Xpert" MTB/RIF assay significantly outperformed 
SM on FOB samples (sensitivities: 80.0% vs. 25.0%; 
p = 0.003) in a low TB-prevalence area. The sensitivity of 
the PCR assay was found to be lower when it was calcu- 
lated relative to the final diagnosis, yet still remained 



Table 2 Performances of the Xperf^MTB/RIF assay, smear microscopy, and culture using FOB samples for the diagnosis 
of pulmonary tuberculosis 





Performances relative to culture 


Performances relative to final diagnosis 




Sensitivity% 


Specificity% 


Sensitivity% 


Specificity% 




(95% CI) n 


(95% CI) n 


(95% CI) n 


(95% CI) n 


Xpert* IVITB/RIF assay 


80.0 


98.6 


60.0 


100.0 




(57.8-92.5) 


(94.7-99.9) 


(42.3-75.4) 


(96.6-1 00.0) 




16/20 


140/142 


18/30 


132/132 


Smear microscopy 


25.0 


95.8 


167 


95.5 




(10.8-47.3) 


(90.9-98.3) 


(6.9-34.0) 


(90.2-98.1) 




5/20 


136/142 


5/30 


126/132 


Culture 






66.7 


100.0 








(48.7-80.9) 


(96.6-100.0) 








20/30 


132/132 


p-value' 


0.003 


0.288 


0.001^ 
0.683" 


0.041'^ 








0.0003'' 


0.041'' 



^p-values were calculated using the McNemar's test, 
'^p-value between Xpert®MTB/RIFassay vs. smear microscopy, 
'^p-value between Xpert®MTB/RIFassay vs. culture, 
'^p-value between culture vs. smear microscopy. 
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significantly higher than that achieved with SM (60.0% 
vs. 16.7%; p = 0.001). Our findings revealed similar per- 
formances to those reported by two recently published 
studies, which had previously explored the clinical use- 
fulness of the Xpert" MTB/RIF assay on FOB samples, al- 
though this was conducted in high TB-prevalence areas 
[18,19]. In the Lee et al. retrospective study, 132 patients 
were recruited in a single South-Korean center. The 
study reported sensitivity and specificity values (relative 
to the culture) of 81.6% and 100.0% for the Xpert' MTB/ 
RIP assay, compared to 13.2% and 98.8% for SM, re- 
spectively [18]. Theron et al. prospectively included 
154 patients in a South-African single-center study and 
specifically analyzed BAL samples. The resulting sensitivity 
and specificity values compared to the culture were 92.6% 
and 96.0% for the Xperf MTB/RIF assay, and 57.7% and 
99.3% for SM, respectively [19]. 

We can therefore confirm that for suspected TB re- 
quiring bronchoscopic procedure, the Xpert' MTB/RIF 
assay is a potential alternative to SM using FOB samples. 
In our study, PGR allowed for early pulmonary TB diag- 
nosis to be established, enabling appropriate treatment 
to be started early for 13 more patients as compared to 
SM (72%) {p < 0.001; Table 3). In these patients, the de- 
finitive TB diagnosis was secondarily confirmed either 
by culture or clinical evolution under specific antimicro- 
bial therapy. These findings were similar to those of the 
Theron et al. study (>80%) [19], and are of particular 
significance in a low TB-incidence area, where there is a 
higher proportion of alternative diagnosis, such as lung 
cancer or pyogenic bacterial pneumonia. 

Our study objectives did not include assessing the 
value of the GeneXpert' assay in detecting rifampicin 
resistance on FOB samples, since the incidence of such re- 
sistance was expected to be low, as seen in previous studies 
[18,19]. The unique case of MDR-TB was, however, unam- 
biguously detected, and all PGR results were corroborated 
by those that were phenotypically determined. 

Our study presented some limitations. Firstly, this 
was a retrospective study, despite all Xpert' MTB/RIF 
assays being performed on fresh FOB samples. Sec- 
ondly, it was a single-center study. Finally the PGR 
assays were not systematically performed on the same 
FOB sample for all patients (BA or BAL). A prospect- 
ive study should be designed with systematized and 
parallel FOB sampling (BA, BAL). This would provide 
a more proficient way of testing the Xpert" MTB/RIF 
assay in different types of per-endoscopic respiratory 
samples, an endpoint that we were unable to analyze 
due to our retrospective design. Gost-effectiveness studies 
should also be conducted in order to specify^ the rational 
use of the Xpert" MTB/RIF assay on FOB samples in novel 
diagnostic algorithms, including this PGR assay in well- 
resourced countries. 



Conclusion 

In summary, our study confirms the clinical usefulness 
of the Xpert" MTB/RIF assay, compared to SM, for the 
early diagnosis of suspected pulmonary TB requiring 
FOB, performed on per procedure samples. This is a 
reproducible commercial assay, and should especially 
be considered as a relevant option in low TB-burden 
countries. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

Study conception and design: PIP, VC, GZ, and EB. Acquisition of data: 
PLP, RM, KC and YO. Drafting of manuscript: PLP, VC, GZ, and EB. Analysis 
and interpretation of data: BM. Critical revision: VC, GZ, and EB. 
All authors read and approved the final manuscript 

Acknowledgements 

The technical assistance of Gilles Le Marrec and Karine Courageux is 
gratefully acknowledged. This paper is dedicated to the memory of 
Dr Brigitte Malbruny. 

Author details 

'CHU de Caen, Service de Pneumologie et Oncologic thoracique, F-14000 
Caen, France. ^CHU de Caen, Service de Microbiologic, E-14000 Caen, France. 
^Universite de Caen-Basse Normandie, E-14000 Caen, France. ^Groupe pour la 
Recherche et I'Enseignement en Pneumo-lnfectiologie (GREPI) de la Societe de 
Pneumologie de Langue Frangaise (SPLF), E-75000 Paris, France. 

Received: 7 IVIarch 2014 Accepted: 1 July 2014 
Published: 12 August 2014 

References 

1 . World Health Organization: WHO report 201 1: global tuberculosis control. 
WHO/HTM/TB/201 1 16. Geneva, Switzerland: WHO: 201 1 . 

2. Antoine D, Che D: Les cas de tuberculose declares en France en 2010. 
Bull Epidemiol Hebd 2012, 24-25:285-287. 

3. Mohan A, Sharma SK: Fibreoptic bronchoscopy in the diagnosis of 
sputum smear-negative pulmonary tuberculosis: current status. Indian J 
Chest Dls Allied Scl 2008, 50:67-78. 

4. de Gracia J, Curull V, Vidal R, Riba A, Orriols R Martin N, IVlorell F: Diagnostic 
value of bronchoalveolar lavage in suspected pulmonary tuberculosis. 
Chest 1988, 93:329-332. 

5. Chawla R, Pant K, Jaggi OP, Chandrashekhar S, Thukral SS: Fibreoptic 
bronchoscopy in smear-negative pulmonary tuberculosis. Eur Respir J 
1988, 1:804-806. 

6. Chan HS, Sun AJ, Hoheisel GB: Bronchoscopic aspiration and bronchoalveolar 
lavage in the diagnosis of sputum smear-negative pulmonary tuberculosis. 
Lung 1990, 168:215-220 

7. Salzman SH, Schindel ML, Aranda CP, Smith RL Lewis ML The role of 
bronchoscopy in the diagnosis of pulmonary tuberculosis in patients at 
risk for HIV infection. Chest ] 992, 102:143-146. 

8. Altaf Bachh A, Gupta R, Haq I, Varudkar HG: Diagnosing sputum/smear- 
negative pulmonary tuberculosis: does fibre-optic bronchoscopy play a 
significant role? Lung Mia 2010, 27:58-62. 

9. Shin JA, Chang YS, Kim TH, Kim HJ, Ahn CM, Byun MK Fiberoptic 
bronchoscopy for the rapid diagnosis of smear-negative pulmonary 
tuberculosis. BMC Infect Dls 2012, 12:141. 

10. Brugiere 0, Vokurka M, Lecossier D, Mangiapan G, Amrane A, Milleron B, 
Mayaud C, Cadranel J, Hance AJ: Diagnosis of smear-negative pulmonary 
tuberculosis using sequence capture polymerase chain reaction. Am J 
Respir Crit Care Ivied 1997, 155:1478-1481. 

1 1 . Liam CK, Chen YC, Yap SF, Srinivas P, Poi PJ: Detection of Mycobacterium 
tuberculosis in bronchoalveolar lavage from patients with sputum 
smear-negative pulmonary tuberculosis using a polymerase chain 
reaction assay. Resplrology 1998, 3:125-129. 

1 2. Wong CF, Yew WW, Chan CY Au LY Cheung SW, Cheng AF: Rapid diagnosis 
of smear-negative pulmonary tuberculosis via fibreoptic bronchoscopy: 



Le Palud ef al. BMC Pulmonary Medicine 2014, 14:137 
http://www.biomedcentral.com/1471-2466/14/137 



Page 7 of 7 



13. 



14. 



16. 



17. 



19. 



20. 



22. 



23. 



24. 



25. 



26. 



27. 



28. 



29. 



utility of polymerase chain reaction in bronchial aspirates as an adjunct 
to transbrcnchial biopsies. RespifMed 1998, 92:815-819 
Chen NH, Liu YC, Tsao TC, Wu TL, Hsieh MJ, Chuang ML, Huang CC, Kuo AJ, 
Chen MC Yang CT: Combined bronchoalveolar lavage and polymerase 
chain reaction in the diagnosis of pulmonary tuberculosis in smear- 
negative patients. Int J Tuberc Lung Dis 2002, 6:350-355. 
Tueller C, Chhajed PN, Buitrago-Tellez C, Frei R, Frey M, Tamm M: Value of 
smear and PCR in bronchoalveolar lavage fluid in culture positive 
pulmonary tuberculosis. Eur Respir J 2005, 26:767-772. 
Kaser M, Ruf MT, Hauser J, Pluschke G: Optimized DNA preparation from 
mycobacteria. Cold Spring Harb Protoc 2010, 2010(4):pdb.prot5408. 
doi:10.1101/pdb.prot5408. 

Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, Krapp F, Allen J, 
Tahirli R, Blakemore R, Rustomjee R, Milovic A, Jones M, O'Brien SM, 
Persing DH, Ruesch-Gerdes S, Gotuzzo E, Rodrigues C, Alland D, Perkins MD: 
Rapid molecular detection of tuberculosis and rifampin resistance. New Engl 
J Med 201 0,363:1005-1015. 

World Health Organization: WHO report 2010: global tuberculosis control 
Geneva, Switzerland: WHO; 2010. 

Lee HY, Seong MW, Park SS, Hwang SS, Lee J, Park YS, Lee CH, Lee SM, 
Yog CG, Kim YW, Han SK, Yim JJ: Diagnostic accuracy of Xpert MTB/RIF 
on bronchoscopy specimens in patients with suspected pulmonary 
tuberculosis. Int J Tuberc Lung Dis 2013, 17:917-921. 
Theron G, Peter J, Meldau R, Khalfey H, Gina P, Matinyena B, Lenders L, 
Calligaro G, Aliwood B, Symons G, Govender U, Setshedi M, Dheda K: 
Accuracy and impact of Xpert MTB/RIF for the diagnosis of smear- 
negative or sputum-scarce tuberculosis using bronchoalveolar lavage 
fluid. ThoraxlOM, 68:1043-1051. 

Ismail NA, Baba K, Pombo D, Hoosen AA: Use of an immunochromatographic 
kit for the rapid detection of fAycobacteriurr) tuberculosis from broth cultures. 

Int J Tuberc Lung Dis 2009 1 3:1 045-1 047. 

Heib D, Jones M, Story E, Boehme C, Wallace E, Ho K, Kop J, Owens MR, 
Rodgers R, Banada P, Safi H, Blakemore R, Lan NT, Jones-Lopez EC, Levi M, 
Burday M, Ayakaka I, Mugerwa RD, McMillan B, Winn-Deen E, Christel L, 
Daiiey P, Perkins MD, Persing DH, Aliand D: Rapid detection of Mycobacterium 
tuberculosis and rifampin resistance by use of on-demand, near-patient 
technology. J Clin Microbiol 201 0, 48:229-237. 

Blakemore R, Story E, Helb D, Kop J, Banada P, Owens MR, Chakravorty S, 
Jones M, Alland D: Evaluation of the analytical performance of the Xpert 
MTB/RIF assay. J Clin Microbiol 2010, 48:2495-2501. 
Bowles EC, Freyee B, van ingen J, Mulder B, Boeree MJ, van Soolingen D: 
Xpert MTB/RIF*, a novel automated polymerase chain reaction-based tool 
for the diagnosis of tuberculosis. Int J Tuberc Lung Dis 201 1 , 1 5:988-989 
Malbruny B, Le Marrec G, Courageux K, Leclercq R, Cattolr V: Rapid and 
efficient detection of Mycobacterium tuberculosis in respiratory and 
non-respiratory samples. Int J Tuberc Lung Dis 201 1, 15:553-555. 
Marlowe EM, Novak-Weekley SM, Cumpio J, Sharp SE, Momeny MA, Babst A, 
Carlson JS, Kawamura M, Pandori M: Evaluation of the Cepheid Xpert 
MTB/RIF assay for direct detection of Mycobacterium tuberculosis 
complex in respiratory specimens. J Clin Microbiol 201 1, 49:1621-1623. 
Miller MB, Popowitch EB, Backlund MG, Ager EP: Performance of Xpert 
MTB/RIF RUO assay and IS6/J0 real-time PCR for Mycobocfer/um 
tuberculosis detection in clinical samples. J Clin Microbiol 2011, 
49:3458-3462. 

Moure R, Muhoz L, Torres M, Santin M, Martin R, Alcaide F: Rapid detection 
of Mycobacterium tuberculosis complex and rifampin resistance in 
smear-negative clinical samples by use of an integrated real-time PCR 
method. J Clin Microbiol 201 1, 49:1 137-1139. 

Rachow A, Zumla A, Heinrich N, Rojas-Ponce G, Mtaf/a B Reither K, Ntinginya EN, 
OGrady J, Huggett J, Dheda K Boehme C, Perkins M, Saathoff E, Hoelscher M: 
Rapid and accurate detection of Mycobacterium tuberculosis in sputum 
samples by Cepheid Xpert MTB/RIF assay-a clinical validation study. PLoS One 
2011,6:e20458 

Scott LE, McCarthy K Gous N, Nduna M, Van Rie A, Sanne i. Venter WF, 
Duse A, Stevens W: Comparison of Xpert MTB/RIF with other nucleic acid 
technologies for diagnosing pulmonary tuberculosis in a high HIV 
prevalence setting: a prospective study. PLoS Med 201 1, 8:el001061. 



30. Theron G, Peter J, van Zyl-Smit R, Mishra H, Streicher E, Murray S, Dawson R, 
Whitelaw A, Hoelscher M, Sharma S, Pai M, Warren R, Dheda K Evaluation 
of the Xpert MTB/RIF assay for the diagnosis of pulmonary tuberculosis 
in a high HIV prevalence setting. /\m J fiesp Crit Core /Wed 201 1, 
184:132-140 

31 . Chang K, Lu W, Wang J, Zhang K, Jia S, Li F, Deng S, Chen M: Rapid and 
effective diagnosis of tuberculosis and rifampicin resistance with Xpert 
MTB/RIF assay: a meta-analysis. J Infect 2012, 64:580-588. 



doi:1 0.1 1 86/1 471 -2466-1 4-1 37 

Cite this article as: Le Palud ef al: Retrospective observational study of 
diagnostic accuracy of the Xpert* MTB/RIF assay on fiberoptic bronchoscopy 
sampling for early diagnosis of smear-negative or sputum-scarce patients 
with suspected tuberculosis. BMC Pulmonary Medicine 2014 14:137. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



